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MICROELECTROPHORESIS OF HUMAN ERYTHROCYTES:
IMPORTANCE AND USES IN OBSTETRICS AND GYNECOLOGY

I, Sagone, U. Arrotta

ABSTRACT. On the basis of already acquired ideas about the
subject, the authors study the electrophoretic behavior of
blood cells during the menstrual cycle, in both normal and
pathological pregnancy, and in gynecological affections
whether of inflammatory nature or comprising benign or
malignant tumors. They describe the method used in detail,
and place great importance on same for clinical diagnosis.

Introduction

‘During a symposium in London in 1963 on the electrophoresis of erythro-
cytes, one of the partidipating.authorities, Ruhenstroth-Bauer from Germany,
stated that "cell electrophoresis is in an evolutignary phase, comparable to
man's puberty, when it is impossible to determine the exact moment in thch

he becomes an adult, but it is possible to state that he is gradually moving

toward maturity." .

This science, in fact, born first as a means of study to determine the
surface charge of erythrocytes, today is considerably surpassing the boundaries

which it had fixed, and is becoming more important.
Therefore what is, todaj, the meaning of electrophoresis of erythrocytes?

It represents the only method to estaﬁlish the type of an isolated cell
submitted to a minimum of external inflﬁence.A Moét of the methods used to
»tyﬁe a cell employ morphologic criteria for such measurements. However, the
determination of the-charge intensity qf‘cellular'membranes by electrophoresis
represents a {unctional means, although morphologic aﬁd functional concepts are

tightly bound in the field of molecular'bidlbgy.

A cell can be typed by determining the density of the elctrophoretic charge,

because the great majority of cell types examined to date show values which

are characteristic and show very small variations within the same cell type.

* Numbers in the margin indicate pagination in the foreign text.
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‘Similarly, the configuration of the charge of the cell surface shows a well

defined genetic condition.

However, the characteristic charge density is not sufficient to differen-
‘tiate those types of cells which, for example, have an identical charge density.
In this connection it is sufficient to submit thesé cells before electro=-
phoresis to biochemical and biophysiéal treatment in order to induce character-
istic changes in the electrophoretic mobility. This happens, for example, to
hepatic cells in rapid procregtion and to ascitic cells of the hepatomé which
can be electrophoretically differentiated after incubation with neuraminidase,
the enzyme which metabollzes the N-acetylneuram1n1c acid [1]. All that has 1919
been said permits us to hope that in the future, by applying suitable agents
to the cell membranes, it will be possible to type all the different cells and

produce an anatomic atlas on cell electrophoresis.

This possibility of cell typing opens two further fields of ‘application:

one in theoretic biology and the other in practical clinical work,

In fact, these changes which might be induced in cell electrophoretic
mobility by biophysical and biochemical means, permit us to deduce other factors
on the nature of membréne structure. The same thing is a reality in the
‘clinical diagnostic field of applicatioh of this method. When it was dis-
covered that certain diseases are accompanied by characteristic modifications
of the electrophoretic mobility of erythrocytes, the electrophoretic study of
these cells became a promising diagnostic methdd.

Historical Notes on the Microelectrophoresis of Red
Blood Corpuscles

The movement of cells suspended in a fluid and submitted to the action

of an electric field is defined as cell electrophoresis [2, 31].

Though thg first obserﬁations on this phenomenon Qo back to the beginning
of the last céntury (Reuss, 1808;»Quincke, 1861) and the research done by
Helmoltz between 1871 and 1888 had already given a picture of the theory of
electrokinetic movement within the actual limits [4], cell electrophoretic
phenomena were applied profitably to the differential analysis of various
cell groups only by Northrop and Kunitz in 1925 [4] aﬁd then perfected by
Abramsom, Briggs and Ponder [5; 6, 7] in 1929, 1950 and 1955.

The first study of red blood cells was done in varlous phases by a certain



number of scholars, such as Abramson, Moyer, Furchgott, Gorin and Ponder
8, 9, 12]. ‘

In 1929 [8], it was .established that erythrocytes of mammals have a
negative charge, that they move in an electric field, and that the mobility
varies from type to type, is constant for the same type and not influenced by

the dimensions or by the form of the red blood cells.

The mobility'of human erythrocytes has been calculated as approximately
1.3 micron per second per volt per centimeter; the mobility of erythrocytes of
rabbits, pigs and guinea-pigs is lower; that of the monkey, the hamster and the

cat higher; and that of the rat and the mouse similar to man.

Furchgott and Ponder in 1941 established that the surface of erythrocytes
is largely composed of lipids with a predominance of phosphorylated acid groups
[11]. '

In another study, Abramson, Gorin and Ponder (1940), came to the conclusion
0
that the surface of erythrocytes is wavy and depressions not deepér than 1 A
[12] can be found,.

Various groups of researchers have recently discovered that the electro-
‘negative charge, characteristic of red corpuscles, is due in part to carboxylic
groups of N—acetylneﬁraminic,acid. This has been demonstrated in electro-
phoretic research on a series of erythrocytes of different types of animals
[13, 16]. Moreover, there is another possible contgibutidn on the part of the

alpha-carboxylic group of the glutamic acid [17]:

Some interesting data have been collected by studying the changes in
mobility caused by antibodies or by viruses absorbed on thé surface by erythro-
cytes [18, 191, and from the changes of the surface induced by X-ray radiations 1}20
or chemical substances [20, 21]. The iséeiectric point of the erythrocytic
membrane has been the subject of careful research [10, 22]. However, it is
difficult to determine,; because étﬁthe pPH, which is necessary to_produce an
inversion of the electric charge sign, the erythrocyte is destroyed. Ponder

and Ponder, however, believe that 'they can fix this point at pH 2 or lower [7].

Particles similar in diameter to erythrocytes, suspended in electrophoretic
solution and in conditions very close to physiologic ones, ‘have an electro-
phoretic mobility which depends, above all, on the nature of their lining and

not on the form, dimensions or orientability in an electric field [23, 24].
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The mobility of erythrocytes suspended in a given buffer is reproducible and
characteristic to a given type, but varies from type to type of animals [14, 251.
In the case of human red blood cells the mobility in physiological solution or
in phosphate buffer has Been demonstrated to be independent from the system

of blood collection and from the anticoagulant used [24, 26]. At a high ionic
force (> 0.1) erythrocytes shdéw little change in the electrophoretic mobility
when relatively high éuantities of nonspecific proteins are present [24]. 1In
these conditions it has been demonstrated that mobilify is not influenced by
albumln, casein, gelatin, f1br1nogen and hemoglobin [23].

Electrophoretic Mobility of Erythrocytes in Varlous
Clinic and Experimental Conditions

Fields of application of microelectrophoresis of erythrocytes are many,
whether in expefimental research on laboratory animals or. in clinical research

on mane

In the following paragraphs we shall briefly examine all the possibilities
of the method's application, and we shall point out the most important results
achieved to date by researchers from all over the world.

1. Electrophoretic Mobility of Erythrocytes in
Laboratory Animals

As we have already mentioned, the microelectrophoretic mobility of
erythrocytes in the rabbit, pig and guinea-pig, is lower than that of erythro-
cytes in man; on the other hand, the red cells of the monkey, hamster and cat
move with a speed higher than human erythrecytes; 1aet1y, erythrocytes of the
rat and mouse behave, electrophoretically, like those of man [8]. Therefore,
rats and mice are those animals which, with'respect to man, furnish the most

interesting results.

In expefimental pathology very imﬁortant are the data obtained in viral
leukemia of the Friend and Shay type,efkthe mouse: approximately three weeks
after injection of the virus and at the same time as the appearance of
splenomegaly, aﬁ increase of the electroﬁhoretic mobility of erythrocytes
can be observed [27, 28, 291. Analogoﬁsly, results of great:importance have
been observed after total rad1ation in rats with 400-800 re Erythrocytes -

of the anlmals treated in this way increaaed thelr speed of movement, This



does not happen if, before radiation, the rats are splenectomized. This
behavior is not tied to actinic denaturation of ﬁhefcell membranes of red
corpuscles, because the radiation of rat blood samples with equal doses of r,
does not bring about any Qariation of speed in the blood cells with respect
to those not radiated [281].

2. Modifications in the Electrophoretic Behavior of
“Erythrocytes by Use of Chemical Substances and Enzymes

Electrophoresis permits us to ‘easily obtain information on the composition
and structure of the membrane of red corpuscles without having to refer to

great alterations or destruction of the cellular-ofganism [24].

Electrophoresis of erythrocytes can be appiied after chemical substances
or enzymatic reactions have,agﬁed upon the cell surface, modifying part of its
structure, fhe chemical compositioﬁ, 6r the electric charge [30]. A typical
‘example ds given by the treatment oflerythrocyteslwith-formaldehyde. This :
substance causes great electrokinetic»stability of the erythrocytes by the
formation of crossed protein bonds between the intracellular proteins and

those of the membrane, bonds which eliminate the possibility of hemolysis [31].

Erythrocytes treated in this way, do not show any change in the electro-
phoretic mobility even when modifying the pH and the ionic force of the liquid
solution [31]. The addition to a.suspension qf,erythrocytes treated with
aldehyde of even a small quantity of hemolysin,"restores,to each pH and to
each value of ionic force the characteristic variations of the electrophoretic
mobility of the cells, completely.simiiar to those of untreated erythrocytes
[32]. This particular behavior excludes any cafionic character of the erythro-

cytes which, if we consider that»théy do nottﬁndergo modifications in the

/121

electrophoretic mobility even after being treated ﬁith acetaldehyde, 2-4 dinitro-

fluorobenzene and p-toluenesdlfonyichioride,'we-can'conclude thaf'theyubehave

electrophbretically as a macropolyanion [32].

The valuation of the pK intrinsic to anionic groups of the normal human
erythrocyte, at an ionic force of 0.145 grams-ions-liter, is approximately 2.5
and that of human erythrocytes treated with fofmaldehyde is approximately
2.6 - 2.8 to values of ionic foécé:from>0.002§ to 0.145 grams.ions lipo [17].

The presencé of these'grpups'pf étrongvaci@s'waS'obsérved by Furchgott

[

i



and Ponder in 1941, who thought that the charge originated‘from groups of

phosphorlc phosphollpld acids, more precisely from a cephalln [11]..'

More recently it has been demonstrated that the electrokinetic modifications

of the erythrocytes derive from sialo-mucose acids [17].

The mucins of the erythrocytic membrane containing sialic acid are known

as inhibitors of viral hemagglutination 171,

Sialic acid has been isolated in crystalline form from the erythrocytary

stroma by many authors [33, 34l.

These researches made Klenk (1958) think that the negative. charge of the
erythrocytes could be attributed tb an‘acetylneuraminic\acid [35]. The presence
of N-acetylneuraminic acid on the electrophoretic surface of fheAréé corpuscles -
has been established above all, by the reduction of the mobility after the

removal of the sialic acid resulting from treatment with neuraminidase [17].

The normal erythrocytes and those treated 'with aldehyde are responsive
to the action of neuraminidase, an alpha-glycocide capable of liberating
N-acetylneuraminic acid from the properjglycolipin, peptide or protein

substrata [17, 35].

The removal of the N—acetylneuramlnlc ac1d,‘wh1ch in the case of human

erythrocytes has the following structure
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brings, a reduction of the electrophoretic mobility of erythrocytes equal to /122

80% of the normal value [15]. The neuraminidase ektracted from Vibrio
cholerae and -from pneumococcus removes approximately 95 to 100% of the
‘N-acetylneuraminic acid of human erythrocytes [14l]. From the studies of
Eylar et al. (1962) it seems probable that the membrane of human erythrocytes

.is'impermeable to neuraminidase as it isrto,N-acetylneuraminic‘acid [14].



The pK of the N-acetylneuraminic acid has been calculated by Svennerholm
(1956) to be approximately 2.6 [36]. The proteinases (ficin, papain, tripsin)
free mucoids containing N-acetylneuraminic. acid from the erythrocytes [37, 381.
The liberation of thesebéial substances is accompanied by changes of the
mobility of erythrocytes [16]. Ponder (1951) for the first had observed the
decrease in mobility which happens after the treatment of human erythrocytes
with tripsin [391]. ﬁrobably this behavior is tied to the proteolysis which
brings the removal and/or production_of,active ioﬁizable groups at the level .

of the surface of the erythrocytes

The importance of the above-mentioped factors arises when we consider
that the bresence of N-acetylneuraminic'écid seems indispensable to the
appearance of the antigens of the M and N blood groups [40], and that these.
antigens are destroyed by all'the profeol&tic enzymes except alpha-chemostripsin
[41]. Moreover N-acetylneﬁraminic acid seems fo form the determining group

of the Rh (D) antigen [42].

Therefore the removal of the sial substances from the ultrastructure
of the erythrocyte by the proteolytic enzymes should diminish the affinity of
the red corpuscles because of thé,antiquy‘th (p) [171.

3. Influence of Antibodies on the .Electrophoresis of
Red- Blood Cells

The electrophoretic mobiliiy of the red cells is reduced after treatment
with antibodies. This was demonstrated for the firgt time by Coulter (1921)
and successively tried out by various other researchers (Sachtleben and
Ruhenstroth-Bauer, 1962) [22, 43]1. Sachtleben (1965) considers that the
mechanism of charge reduction by the antibodies cohsists of the fact that the
molecules of the antibodies cover the negétive charges of the cell surface.
The thickness of the antibody.mblécule is approximately 40 X._ The covered
part of the cell surface and the electric charges joined to it [12] are
therefofe too much below the new electrokinetic surface to be able to influence
the electrophoretic potential [44]. ' |

"L, Virus Influence on the Electrophoretic Mobility of
Human Red Blood Cells

Haning (1948),'for the first time, studied tﬁé_héméggiﬁffﬁaiioﬁ.By virus by
o o J e e, ;

means of cellular electrophoresis [18]. He found a diminution in the mobility
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of human red corpuscles tfeated with the PR8 influenza virus. The fact that

the erythrocytes treated with virus cannot absorb'viruses a second time, permits
the hypothesis that there are particulgr strucfufes called "receptors" on the
erythrocytic surface capaﬁle of‘catching the virus. As the virus has an
enzymatic actibn, the "receptors" are destroyed by the freeing of neuraminic
acid (Klenk, 1955). The neuraminic acid has, under normal conditions, a free
carboxylic group. The loss of these chérges is indicated as the most probable

cause of the diminution of mobility of the red corpuscles [451].

5. ©Electrophoretic Mobility of Human Erythrocytes

Many authors have tried to establish the value of the normal electro- ngB
phoretic mobility of human erythrocytes.at pH 7. ,AbrémSOn obtained
1.31 £ 0.02 u/sgc-volt¥cm; Furphgbtt gnd‘Pondef41502§ Crager, Tully and Hansen,
using a buffer at pH 7.35, obtained 1.31 0,04 for the A and B groups;
1.52 + 0.09 for O group and 1.37 %+ 0.05 for the AB group.

Rottino and Angers obtained 1.32 .+'0.05 in. a grbup of 121 persons and

successively 1.27 + 0.05 in a second group of 76 persons [46].

Further research by many authors established that the  electrophoretic
mobility of human erythrocytes is considerably lower during pregnancy, in the’
case of chronic inflammatory processes or in patients with malign neoplasias,

while in patients with benign tumors the values are normal [46].

General Principles of Cell Electrophoresis [47]"

Most of the isolated cells which are suspended in suitable solutions take
an electric charge which can'be:pésitive or négative aCcordinQ to the nature
of the cells and to certain characteristics of the suspension fluid, but which
has always the same sign for all the cells of thé'saﬁe type. Naturally, to
" this charge, a charge with the opposite sign in the pericellular stratum of

the susﬁension fluid must exist. Introduced into an electric field, each
- particle, if it is free to move; migrates féwérd the electrode with the

opposite sign (when an electric Currehtiis ihtrqducéd, what counts is the
'potential difference per centimeter, or, as we say;'the field strength and

‘not the intensity of the current).

.The charge of the cells refers, as_we'haverséid, to ‘an ionogenic quota of



the same, linked to some surface proteins, In itself the electrification of
the surface protein molecules has.the same drigln as any type of salts: only
that the particular nature of the radicals, present in‘great number on their
surface (NH, -COOH, -NH, -OH, -SH), and the fact that the electrolytic
dissociation of them is influenced differently by the reaction of the means,
make it so that to every value of pH corresponds the dissociation of a category
and of a Well—defined number of ionogenic groups. It follows that the
.resulting charge can be negative, that is, it»determines migration in the
.anodic direction (in alkaline environment),-positive,‘with cathodic migration
(in acid environment), or zero. In this last case the electrophoretic
mobility is equal to zero and the value of pH in which this immobility is
observed, that is,’the point'at which the balance of opposite molecular electric
forces is established, represents the .isoelectric point of the cell. The

more we move further away from this value’whether'in the sense of an increase

" in concentratlon of the hydrogen 1ons or in the sense of a d1m1nut10n of the
same, the greater the charge w111 become, of whlch the molecular constituents
of the cell are vectors, and consequently the greater will be the migration

speed.

The ratio between the electquinetic properties'of a molecule and its
.charge is rendered more difficult by the faet'that the ionized molecule, in
order to reestablish its neutrality, encircles_itself'with ; gquantity of
electro-equivalent ions of the opposite sign furnished by the suspension fluid,

ions which arrange themselves ‘around the cell and tend to ‘migrate in the

opposite direction,; therefore checklng thelr movement.

_ For this reason the migratien speed is never the one that can be
calculated, on the basis of Stokes's law, from the charge of the cell, but - /124
lower, even when the dimensions of the cell are such thatithey cannot alter

the distribution of the field's lines of force.

In addition to the concentration of hydrogen.ions (pH), the electro-
phoretic mobility of a cell depends on the quentity, the strength and the

nature of the ions present in the solution. .

Therefore the electrophoretic mobility of a cell depends on the pH, the

ionic force (established by the concentration and strength of the Lons), and



the na%ure of the ions of the solution; that is, each value of mobility ex-

pressed generally in volt/cm, in order to have valldlty must be accompanled

by the indications of these data,

Moreover it is indispensable that the environmental temperature be kept
constant as much as possible and that all the readings refer to a standard
temperature, normally +25fC.' Variations of tempefature migﬁt bring about
changes in the viscosity of the suspensionlliquid, with alteration to the

migratory speed of the cells,

Basically, the apparatus for cellular electrophoresis consists of a
transparent chamber with metal electrodeé in which we can observe, through a
microscope, a suspension of particles in determined'conditions. The method
was conceived by Ellis (1911'12) [48].' The chamber is normally made of glass
and may be cylindrical or rectangular, though a trlangular-sectlon type was

described by Mitchell (1948) [24, 49].

The electrodes most frequentiy used for buffers having an ionic force
lower than O.1, are of platinum. For higher ionic forces the electrodes used
are of Zn/Znsolk or cu/cusolt (Abramson, 1929), of Hg/Hg(NO ) (Briggs, 1940),
and of Ag/AgCl (James, 1957) [501. ‘

Purpose of the Research

Based on the premises mentioned in the first part of this work, we studied,
in order to identify all possible and particular aspects, the behavior of
eléctrophoretic mobility of the red cofpuscles of women in various physiological

and pathological conditions relating to the branch which is of interest to us.

We have therefore examined the proceeding Qf electrophoresis of human

erythrocytes:

(a) during the menstrual cycle;

P

(b) during pregnancy, whether normal or complicated by eclampsia,

intra-uterine death of the fetus, threat of abortlon, Rh 1so1mmunlzat10n, o

s s
v

vesicular mole;

(c) tardy pregnancy;

a : ! o ' S
(d) during labor and confinement;

“t i
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(e) in gynecological inflammatory diseases, benign or malign tumors.

Moreover, in some cases we examined electrophoretic behavior of fetal

red corpuscles drawn from the umbilical cord at the moment of birth.
Some of the topics examined by us have been dealt with by other authors.,

Avramson [8] found electrophoretic values, considered by him as normal,
in four women who had completedbthe gestation period, and concluded that

pregnancy does not influence the electrophoretic properties of red corpuscles.

Rottino and Angers [46], with a total of approximately one hundred
women examined, concluded that the electrophoretic mobility of human red
corpuscles at pH 7 begins to be lower than normal (1.13 * 0.03 u/sec/volt/cm)
from the first weeks of pregnancy and,remains such until approximately 24 hours
after birth. Moreover, the same authors confirm that in gravidal toxemia the
electrophoretic mobility of'thelblood cells increases up . to 1.28 + 0.02
u/sec/volt/cm.

Rottino and Angers [51] also state thatuin gynecblogical malign tumors: /125
the electrophoretic velocity of the erythrocytes 18 con51derably lower than
normal (0.89 M/sec/volt/cm) wh11e 1n cervical 1nf1ammat10ns the electrophoretlc

values fluctuate around 1.1k u/sec/yolt/cm.

. Equipment and Methods

1. General

Red corpuscles were collected from 151 individuals (120 women and 31
fetuses). The blood was extracted by a prick in a vein in the arm or dlrectly
from the cut funicle and put 1nto polyethylene test tubes containing, as
anticoagulant, ethylenediaminotetracetic acid. ‘One cc. of blood of each
withdrawal was washed three times with 10 cc. of_physiological saline solution.
Immediately befqre beginning the electrophoretic tests, with a pipette for
white globules, 2 mmz of ﬁashed red corpuscles were taken, which were mixed
with 25 cc. of Michaelis phoéphate buffer. at an ionic force of 0.172 and at
- _ , ,

The technique employed by us hes.been the one descfibed by Angers and
Rottino‘[52], using the Ponder vertical electrophoreticbcell built by the
Fisher Scientific Company of New York and alloyed,tovbeeﬁsed by us by the

11



Societa Polichimica SAP of Milan. To adapt this apparatus to our needs we

_joined it, in series, with a 25 milliampere amperometer, with a resistance

of 4250 ohms, with a 2500 ohms potentiometer and with a polarity converter, to

be used in case of neceséity. The potential used was 155 volt and the current

S

was 8 milliampere, The microscopic unit (Zeiss company) was formed by a

0.45 mm phase lens (focus = 20); long focus condenser and a 20 enlargement
eye-piece with a micrometer screw. The electrodes were made with copper

wire (3 mm and a length of 3'cm)'situated in iheilateral arms. of the electro-~

phoretic chamber and filled with Satufateﬂ~solu£ibn of_CuSOQ. The inside of

the cell was filled with Michaelis buffer at pH 7, prepared according to the

Bull method [531].
2e Procedure

To proceed with the electrophoretic measurements, .the red cells, suspended
in the buffer, were sucked into a beaker, situated under the electrophoretic
chamber. The microscope was focused on the cells (critical point at 0.21 mm

from the internal surface of the anterior wall of the céll);

First, the velocity of the fall of the cells, due to‘gravity, was

measured for 5 seconds, then the current was passed for another 5 seconds,

 a1ways observing the cells' velocity. Subtracting from this velocity the

one due to gravity, the velocity of the épplied electric force was obtained.
To calculate mobility, an average of Slreadings was made which, divided by 5
gave velocity per second. ’The ?elocity.with which the red corpuscles move
per second, per electrical unit, ﬁer volume unit ofhthe electrophoretic

cell containing the red corpuscles, is called electrophbretic mobility,
Calculation of mobility is done in the following way: the mobility of the
red corpuscles, suspended in the buffer, is éxpress@d as‘vélocity per

potential unit of electric field imposed on'theired borpuscles.

The field potential, E,'wilL_depend, therefore, on voltage used, on
current generated, and on thejresistgncé of theibuffer. - The correlations are
expressed by the formula: ’

distance travelled/time
- =

Mobility = Velocity/E =
The distance is héasu}ea"bylanlopticallsys{em moving the micrometer screw. /12t

f i '¢ . . o R . »i‘ s Vo, M K
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The time is 5 seconds and the velocity is calculated on the average of 5 red

corpuscles.

Field potential, E, in volt centimeter, is calculated by the formula
= I A\, where I is the current intensity expressed in amperes (in our
-3

case = 8 x 10 amperes). A is the measure in cm2 of the area of the section

of the electrophoretic cell (A = 1.1 x 0.1 = 0.11 cm ), and A is the specific
conductivity of the red corpuscles with a specific buffer. For our Michaelis
buffer it was = 1/60. From this we can deduce that if I is constant, E will
be | '

I = 8x 10"3 x 60 -, o, - .
= A n = . ) = 4.36 Y,Olts/cm. e

. 11 x'10 - PSS U AT

E

 Typical example:

Mobility ALk éﬁgrﬁu/see

B =
& .24§— = 1.33 u/sec/¥dlt/cm.

The sensitivity of the method is such,that,aiquification in more or less

of pH 7 of a mobility largef than 0.01 p/sec/volt/cm is of great significance.
3. Results

The results are shown in the following tables I - II - III - IV - V -
VI - VII = VIII - IX - X-= XI - XII - XIII.

In each table the data related to electrophoretic mobility values of
red corpuscles expressed iniu/sec/VOIt/cm have been preceded by notations
relating to the year of observation, the clinical chart, the name, age, patients'

parity, and now and again by all those notes useful for the picture of the

-

case,

Table I shows the data relating to the behavior of electrophoretic
veloc1ty of red corpuscles in 6 patlents during the menstrual cycle. The
tests were made on the 1st and an day of menstruatlon (A), immediately at
the end (B), at time of ovulation (C), establlshed by control of the basic

temperature, and 5 days after ovulatlon (D).u



Table II examines the results of the tests made on women during the
various periods of pregnancy (G), in labor (T), and on the first (P.I) and

third (P.III) day of confinement.

Table III considers the relations existing between the electrophoretic

mobility of maternal red corpuscles (M) and that of fetal red corpuscles (r).

Table IV reports the data deduced from blood taken from pregnant women..
beyond the end of gestation, immediately‘before birth (M) and in their fetuses

(F).

Table V reports the electrophoretic mobility values of maternal (M) and

fetal red corpuscles (F) in case of eclampsia.

;In Tablé VI we have reported the data relating to electrophoretic mobility
of red corpuscles in pregnant.women, at vérious;peribds of gestation, carrying

dead fetuses within the uterus,for'times varying between 24 hours and 7 days.
Table VII concerns the teéts in case of abortidn threat.

Table VIII gives the data relating to the electrophoretic mobility of

maternal red corpuscles in the case of Rh isoimmunization.
Table IX gives the data relating to two cases of vesicular mole.

In Tables X -~ XI - XII - XIII the'results listed relate to electrophoretic
mobility of red corpuscles in patients'sufferihg from inflammatory affections
of the genitals (Table X), from uterine fibroma (Table XI), from malign

genital neoplasias in various locations (Tabies XIT and XIII).

1k



TABLE I. ELECTROPHORETIC MOBILITY DURING THE MENSTRUAL CYCLE

(A - Beglnmng of menstruation; B - End of menstruatlon- C - Ovulatlon'

: D - 5:h day after. ovula.tion).

Case” fNamefﬁl :ngef Parity:| Electrophoretic.mobility
- ! IR i 7, A" B C oL D
1 AMT. | - ;. 1 "33 130 126 130
2 F.W. ) — 0 133 77133, 128 133
3 ND. 25 - — .}, o 128 . 125 1.28
4(%) BM. 43 m 1,34 38 134, . 1,34
5 CG. 26 - 1,30 1,30 . 1,25 1,30
6 FAM. 29 1 132 132 © 1,28 . 132
T Average ()| 130 13 12 - 130

(*) In this case the control of the basic temperature did not permit
us to put in evidence the ovulation (anovulatory cycle), blood for
C and D was taken on the 15% and 20 day of the cycle.

(**): Data of case 4 were excluded from the. average.

TABLE II. ELECTROPHORETIC MOBILITY IN NORMAL PREGNANCY (G), IN LABOR (1),
ON THE 1st DAY OF CONFINEMENT (P.I), ON THE 3rd DAY OF CONFINEMENT (P.III).

N g 4 S R I . | Electrophoreti
! Clinicall. 27 s : pnoretic
Case| Yearn éharta“ _Name&;‘ Age| Parity. Pregnag¢)» mobility
" ] 4|y month | ¢ T Tp1 PN
1 {1965 8250 | CL. '] 35 I SVIE b LT 1T 1,30
.2 » 8258 - NM. | 28 1 '/ QIR B % 7 S ' -
3 » 8309 | . RV, . |-32 i S CVID L1919 1,34
4 » 8328 . | - GA. | 33 v vi o fiwe
5 » 8576 | - GE. | 20 | VIL -~ | 116
6 » 8589 ‘| BD. [} 25 | " — vi - |nle .
7 » - 9010 o EN. 1258 f e - IX 1,14 L14 132
8 » 9413 | BM. '} 30 | —u m - . {114
. . : . ] X T L4 14 133
9 » - 114817 CM. | 29 |0 T - IX ) <113 1,13 128
10 1. | 11440 - GB. ! 23 | .1 ;L IX ‘ “1J8 108 1,32
11 ] 1966 2723 BE. - . 26 i, X , L16 - 116 . 134
12 » 2802 S CS.c |26 | W cv X .10 110 133
13 | » 2806 | MC. | 34 — VI ‘L4 114 132
14 » " 2828 - f  RA. ] 21 .. o j1a2 ; )
. ¢ - ' - IX 112 1120 128
13 » | 2041 CORM. )24 SRS I | 118 '
16 s |- 2086 1  CT. ] 31 | . - X ] 0 116 116 133
17| » | 4006 | VM. | 30 | 1.°: I L17 -
N I b . ; R S ¢ AT 11T 132
i8 » ‘4512 ' | - RP. 28 | e I 114 .
_ ; RS R B } R ’]' v ! 1,14
o o P00 L Average | 1,045 115 1,15 1,318
L 4 D SR N & ‘X'., T 4»‘-_;-1"?" ) e, i “' A : . - '
i i v oy ok o1 R R
.Commas represent decimal. points, J' Foe ‘
‘ [ RIS TR IO T v Lot
N R N R T ST e 15
f Vi ] i
| < :
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TABLE III.

RED CORPUSCLES

.ELECTROPHORETIC MOBILITY OF FETAL (F) AND MATERNAL (M)

o , et C11n1ca1 Pregnancy Electrophoretlc ' ?
Case .- Year - “thart 1| monthmz - mobility n
1 1965 " gas50 “vii yae 117 -
2 » .8309 ° SV 134 119 ° !
3 » 9010 1X 1,30 1.14 >
4 » 11431 IX . 1,36 1,13 i
-1 » 11440 7 IX . 1,38 1,18 ;
6 1966 3 723 o IX 132 1,16 L
7 » < 2802 XX "1,30 1.10 )
8 » 2806 | VI 1,38 1,14
9" » 2046 - | L IX 1.35 116 :
10 » L 1.30 117
; - 1337 Liss
. -Commas. represent. decimal pointse ‘% p e >
TABLE IV. ELECTROPHORETIC MOBILITY IN LATE PREGNANCY
' (MATERNAL RED CORPUSCLES: M)
(FETAL RED CORPUSCLES: F)
¢V érint ol * ‘ 1 3 - [Electrophoretic|
_ Case Year - inicall Name "“Age~- | Parity | mobility
1™ Ta6s | mee . | MA. | i — 123 ° L8
2 » - 11818 DeP.T. 43 I 121 109
3 '» | msz | BS. 28 I 125 1.10
4 (% 1966 .. | - 321 BV.. . 21 - 121 1.16
5 (% A I 421 MG, 27 — 1.25 1.12
6 (*). > 833 CL. © 36 e 1.21 1.18
7M™ » 1249 CMR. 34 — 1,17 1.34
. 8(% » - 1587 - T.F. D .32 —_ 1,23 - 1,13
9 (%) o 1396 G.A. ‘ - 26 — 1.25 1.18
10 (%) Cow 1976 | RA. .28 .| —_ 1.25 17
1 ¥ » 2407 VR, 26 e 123 118
R - ‘ ¥ ,Aﬁefage 1226 .1.283
Note: 1In the ﬂelignated cases ("‘) the birth vas cesarean.
Commas represent decimal points. ¥
s g L T R R
: . e
16 ' ‘
/ . ! ’x, e
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(MATERNAL RED CORPUSCLES: M)
(FETAL RED CORPUSCLES‘ F)

" o Clinical - N : 13regné.ncy Electrophoretiq
Lase | Year chart Name .. hge- ,P»?r“‘.’ month’ mobility
b : he « ] W -, M F
N jees . | ez ) me Cla i v |1 a2
2% » . 9544 AG. . 32 1 el KX - 128 L —
3 ° "10091 ‘RO.. 28 17 1IX ] 1,33 104

4 » . 10255 PA.~ 32 S | O v ] 123 1,16
ils N 10311 LR. 21 A CIX ot one o 1,24
164 1966 S8 G.A. 26 |- S IX 1125 - 1,12
7T e 157 BA. 2 | — LR 1,28 1,09
18 » - 595 SL. .| 40 I |- ovirl | LI4 . 134
19 » 1183 1G. 2 - VIID- p 130 0 U L,09
{10 (*) ». 1933 IM. 24 - VI 1.26 Y-
e » 2143 LV. 26 — VIIL 123 1,16

112 » 2203 _S.A. 25 - IX 1,28 1,09
Ho B Average ‘ 1,288 1,145

RiE . b | o

Note: In the de81gnated cases (*) the birth was cesarean.'
Commas represent dec1ma1 points,.
TABLE VI. ELECTROPHORETIC MOBILITY IN INTRA-UTERINE DEATH
OF THE FETUS

T = ) ; — . 1 a i~ -

; Clinical . Freqnancy’Fetus 5, rzlec,tr‘o—

Y W 2 1A ,P : R . :
(Case Year| " pary | Neme ¢ |Age | Par 1,1,‘7 _month |weight |Phoretic
; : . ' : mobility
! . |1965| 8238 FG. « | 42 |- x| vio ] aes0 | 128
12 » 8745 AM. 31 |y — 7| v 2700 1,32

3 » 9244 MG. 38 | — X 3600 - 117
3 » 9613 BF. - 43 i . VIIE, - 1900 1.37

5 ». | . 9704 AR A O R > Y S 3200 . 132

6 » 9816 BR.! 24 — e VL . 2100 © 133

7 1966 3625 RM. 24 i Vil - 1600 . ‘1,34

(8% » 3633 CP.' 38 | 1 VI | 920 1,32

9 e 3732 ° |  DiBE. 43 ) v v i 700 128

Ay N B Average 131 e

TABLE V.,

ELECTROPHORETIC MOBILITY IN ECLAMPSIA

(*)

-In. this case the extraction of maternal blood was done 1ess
than 24 hours after the disappearance of the BCF,

: ‘Commas represent decimal points. e
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TABLE VII. ELECTROPHORETIC MOBILITY IN ABORTION THREAT

Clinical - . o ' Prégﬁancy Electro- '}
{1 Casd Year: Name A Pari: - .
: chart , : oe.  4ar¥F? month™ | phoretic

1 196 3688 C.A. 31 m .\ 1,14
12 » 3798 DeM.L. .29 1 B | 1,16
3 » 3862 LL. 31 — 11X 1,10
| e » 3883 FA. " 38 11 I 1,14
15 » 3885 N.E. 32 1 IV 1,18
16 » . 3891 BA." 37 1 n 1L17
7 - » 4200 | MC. 35 1 11 1,14
8(*% .» 4373 SC. 30 ERR | A n 1,19
; ' - -, ~ Average 1,15
(*) 1In this case 24 hours after taking the blood the abortion

happened,

- Commas represent decimal points.

TABLE VIII. ELECTROPHORETIC MOBILITY IN CASE OF Rh ISOIMMUNIZATION

Clinical . - .. |Pregnancy Anti- = |Electro-

Cas¢ Yeat chart .NamejM  Age Parity month - | body - |phoretic

' o YL I ratio  |mobility

1 {1965| 8125 MM. 31 IV X - 1/128 128.

2| » 11673 . CP. 31 n Vil 1/1024 126
{3 1966 299 -} PA. 29 1 IX S o 1,18
14®| » L1134 S.P. 37, I - L IX 1/1024 - 1.26
|5 “» ' 2021 RM. 24 1 "Vl 1/256 1,26
6 » 2731 AL, 25 i Vil 4 T 1,18
17 » 3107 SM. 29 nm X 1/256 126
8 » - 3802 PT. 34 IV IX | 1/128 124
te » | 411 R L. 30 il - MilE 132 1,18
; ) Average 123
, .

i

1

Note: In the cases marked by (*) the birth was cesarean,

TABLE IX.

Commas represent decimal.points.

"PS)

ELECTROPHORETIC MOBILITY IN CASE OF VESICULAR MOLE
(BEFORE REMOVAL:
~ (AFTER REMOVAL: DS)

© |Clinical | : A P Electrophoreti
.Qase  Year chart ] NPW? 1 Age "y Saﬁlty mobility
: ' . 3 PS DS
1 1966 | s | LM | .2 - oy 0,90 1.09
2 » 3726 | ZML. .| 26 o 0.89 s

i i
' Commas represént decimal points,, ::

.18
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Results Analysis

In the obstetrics field, examining first the data relating to the tests Z;33
on electrophoretic mobility of red corpuscles made during the various phases
‘of the menstrual cycle (Table I), we can immediately observe the constancy of
the values during the entire'cycle, except in the.ovulating phase, in which we

find an average decrease of 0.04 pu/sec/volt/cm.

In one case only (No. &), the values remained constant during the entire
cycle which, on the basis of the control of the basic temperature, resulted
becaﬁse of anovulation. The average variation of 0.04 H/sec/ﬁolt/cm in the
‘ovulatory phase is completely temporary, but isZSpeeific and not to be found

‘in any other physiological condifion of'WOman.

Passing ﬁow.to consider the.data.felated to pregnancy, normal or pathologi-
cal, we must give as a premise that the values of electrophoretlc velocity of
erythrocytes calculated by us in a group of thirty women who were not pregnant
nor in the ovulatory phase, and not affected by ;nflammatory d1sease or neo-
plasic, and of an age between'IBJand 45 years; resuifs on the average were

1.32 t 0.02 p/sec/volt/cm.

Buring pregnancf, from4the-initia1‘phases (in a case studied by us in
‘the first month of gestation, electrophoretic velocity was 1.14 p/sec/volt/cm,
Table II, case No. 18) we can observe a considerable‘decrease of the electro-
phoretic velocity, which is averabed,,asrcompared to the data of nonpregnant
women, lower than 0.17 M/sec/volt/ema This decrease remains constant in each
case up to the third day of confinement, when the‘yalues refurn to normal

levels (1.318 u/sec/volt/cm).

These data are in complete agreement WLth what was observed by Angers and
Rottino [461. o

In late pregnancy, howaver, the values of electrophoretlc velocity of
red corpuscles tend to 1ncrease before b1rth~ on the average, they are equal
1.226 k/sec/volt/cm, w1th an 1ncrease, as compared to normal pregnancy values,
of O. 081 u/sec/volt/cm (Table Iv).,

?‘ , Red corpuscles of.patlepts affected by eclamp51a ‘behave s1m11arly' in

this case, though, the increase of mobility is‘even more evident and on an average.,



always in comparison with the normal values of pregnancy, it has increased

0.143 p/sec/volt/cm (Table V).

In the case of intra-uterine death 6f'the fetus when birth has not occurred,
the value of electrophoretic mobility of fhe red corpuscles has already re-
turned to the nonpregnancy level, if the déath of the fetus occurred more than
24 hours before (Table VI). V |

When there is a threat of abortion, instead, even if it is imminent, we
do not find mobility variations with respect to the data relative to normal

pregnancy (Table VII),

A considerable increase in mob111ty (+0.085 u/sec/volt/cm), always in
comparison with normal pregnancy, is. also found in the case of Rh isoimmuniza-
tion. The increade does not seem to have any relation with the antibody ratio
(Table VIII). 1In fact, in a total of 9 women in the pregnancy phase between
the 6t and 9% month and with_antibcd& fatios varying'betWeen 1/32 and 1/1024,
we obtain average values of 1;23 M/sec/vclt/cm; These data are‘highly
significant if we consider that normally the antibodies lower electrophoretic
mobility of red corpuscles, as was,demonstrated-by Coultier in 1921 and"
successively by Sachtleben and Ruhenstroth-Bader."Sachtleben (1965) thinks
‘that the charge reduction mechanism on the part of antlbodles consists of the
fact that the molecules of the ant1bod1es overcome the negative charges of
the cell surface. As the thlckness of the ant1body molecules is approximately /134
o) A we find that the covered part of the cell surface and the electric charges
attached to it are too much below the new electroklnetlc surfaces to be able

to influence the electrophoretlc potentlal.;
'Observingiiﬁéteed”iﬁwbuf:fegts that thelpresence of antibodies in the
circulating blood of the patienté has inc;eaeed the electrophoretic mobility
of the red corpuscles, it leads us to'copc1ude that the Rh type antibodies,
'being monovalent or incomplete,.behavevin a completely'different way to the

one found by Sachtleben. They, not being agglutihated, do not modify the ionic

properties of the cell.

Comparisons which can be made between the values of electrophoretic
mobility of maternal red corpusclespand the fetellcorpuscles at the moment of

'birth are of importance, While in normal pregnancy_the fetal values are

2



practically the same as those of women after pregnancy (average 1.337 u/sec/volt/cm
for fetal corpuscles) (Table III), in late pregnancy (Table 1V) and in

eclampsia (Table V). The fetal red corpuscles show a slowing down with average
values of 1.283 u/sec/voit/cm'in late pregnancy, and 1.145 p/sec/volt/cm in

eclampsia.

In the gynecological figld, while in benign tumors (uterine fibromyoma)
the values of electrophoretic mobility of the red cofpuscles are about equal
to normal (1.30 M/sec/volt/cm) (Table XI), in the inflammatory forms of the
‘genltals we find a very character1st1c d1m1nut1on, in comparlson to normal,

of 0.086 u/sec/Volt/cm (Table X),

Lastly, of great importance are the data in the neoplastic affections of
the genitals. Here, in agreement with Rottino and Angers [51], the values of
microelectrophoresis are lowered to limits that. have nothbéen observed in any

other benign affection.

The average value of 0.95 W/sec/volt/cm with movements from 1 to 0.89
(Tables XII and XIII) has been .observed Oniy (Table IX) in two cases of
vesicular mole in which, before removal, we had the values 0.90 and 0.89,

respectively.

Considerations and Conclusions - -

During pregnancy the electrophoretic mobility of red corpuscles is approxi-
mately 0.2 4 lower than in normal conditions. This flgure has been demonstrated
to be exact in 100% of the tests made by us and in agreement to what has been

observed by other authors (Rottino and Angers [461).

This change in mobility was observed by us since the end of the first
month of pregnancy, but it might occur at an earlier time., We could not
always demonstrate it because it was not possible for us to examine patients

in an earlier .period of pregnancy.

If the pregnancy has'a physiological development, the mobility remains
low during gestation and during labor, and returns to normal approximately

48 hours after birth.

' The presencewof‘livihg corial villi, due.to'a particular oxygen tension
in the intervillous:.spaces and the specific modification of the snrféce of the

fed.corpuSmles;dﬁring pregnancy, imposeﬂ above all on the phosphoric acid

25
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groups and the N-acetylneuraminic acid, demonstrated by Eylar et al. [541],
could represent.the correlated factors of this élowing down, More recently
a "slowing factor"i.has been found in the liquid part of the blood of prégnant

women (Sagone - Jurlaro) [56] which must be considered as the most important

cofactor in the determination of the slowing down of the electrophoretic 4935

mobility of red corpuscles.

Also what occurs in late pregnancy,'where electrophoretic mob111ty of
maternal red corpuscles, 1. 266 u/sec/#olt/cm, can show the importance of the
complete vitality of corial v1111.1n3m31nta1n1ng the characteristic mobility
of red corpuscles in normallﬁrggnangy. The‘intfa-uterine death of the fetus
makes the electrophoretic velﬁcify of maternal red corpuscles return to normal
pre-pregnancy values after little more fhan 24 hours. This fact is‘certainly

exploitéble'clihically when the intra-uterine death of the fetué is uncertain,

Instead, as a dlagnostlc crlterlum for pregnancy, the electrophoretlc
mobility of the red corpuscles has the dlsadvantage to. be a nonspec1flc reaction.
But 1t.w111 be 1nterest1ng to study at which tlme, after.qpncept1on, the change
of mobility occurs, because this gystemfmight be uéed to identiff presumptively

the precocious phases of pregnancy;

Also interesting, as collaferalidiagnostic eleménts, are the data obtained

in Rh isoimmunization in whicﬁ, though not being able to show a correlation

between antibody ratio and electrophoretic ﬁobility3.we constantly find, in
the presence of antibodies of the Rh type, an increase in the electrophoretic

mobility (on the average up to 1.23 W/sec/volt/cm).

The figure, though found in only two'cases, of a considerabie lowering

of the electrophoretic velbcity‘iﬁ'cases~6f‘vesicular mole, if confirmed by

" further observation; could be agvalgd help in the initial cases having a *

" doubtful symptomatology. Lastly, the f1nd1ng 1n the gynecological field

of normal electrophoretlc veloc1ty 1n benlgn uterlne tumors with values, .

~on the contrary, much lower in the ‘genital cancerous forms (1.30 p/sec/volt/cm

26 ‘f ST o )

in the former, and 0.95 /sec/volt/cm in the latter). and contemporary data
which shows in genital 1nf1ammat10us a certain 10wer1ng of the mobility
(1.234 p/sec/volt/cm) not reaching the levels of the cancerous forms, permlts
us to ascribe to cellular microphoresis awdiaghostic possibility of great

P D o ".; : v ;it:"“;n’"‘




importance. In fact, having found electrophoretic values nearly normal
(1.28 p/sec/volt/cm) in a case of suspected relapsing epithelioma of the
portio (case No. 9 - Table XII), even before knowing the results of the

histological examination;“couid have permitted us to exclude a relapse.

In conclusion, we can state that more research is needed onkthe problems
tied to microelectrophoresis'of red corpuscles, in order to be able to assign
to this very fascinating method a reliable diagnostic roie, though limited
in respect to our discipline, in th_e‘ fields explored in our study.

o 4
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